specimens we identified a new species of the genus Proedromys. Its identifying characteristics are its relatively long tail, broad upper incisors without grooves, comparatively short lower incisors, and features of the molar teeth. The glans penis of the new species also is distinctive, the proximal and distal bacula are bony, whereas the lateral bacula are only slightly ossified. The proximal baculum is flask-shaped, the distal baculum is cap-shaped, and the lateral bacula are stick-shaped. This species is associated with high-elevation spruce-fir forest habitat, an unusual setting for Proedromys across its geographic range.
In April 2000, autumn 2002, and spring 2006 small mammals were censused in the Liangshan Mountains, Mabian Dafengding Nature Reserve, and Meigu Dafengding Nature Reserve, Sichuan, People's Republic of China. Before our investigation the only arvicoline known from the region belonged to the genus Eothenomys. Two other vole species, the Sichuan vole (Volemys millicens) and Marie's vole (V. musseri) occur just to the north of Liangshan Mountain in the Qionglai Mountains. Both of these small mountain areas are a part of the Hengduan Mountains, a major mountainous region in western Sichuan and eastern Xizang. Eighteen specimens that we obtained could not be assigned to known species and were tentatively identified as representing a new species in the arvicoline genus Proedromys.
Proedromys was established by Thomas (1911) to include a single species, P. bedfordi. This genus is distinguished from other arvicolines by its heavily built skull; upper incisors that are broad; lower incisors that are remarkably short, scarcely penetrating into the condylar process of the mandible; molars that are rootless, high-crowned, and broad; and a 3rd lower molar that lacks an outer angle on the anterior triangle (Allen 1940; Shaoying et al. 2005; Thomas 1911 ). In contrast, other genera of arvicolines have comparatively narrow upper incisors, much longer lower incisors that usually extend to the angular process, and 3rd lower molars that have an outer angle on the anterior triangle.
Proedromys has been included in Microtus by Ellerman and Morrison-Scott (1951) , Corbet (1978) , Corbet and Hill (1991) , and Zexun et al. (2000) . However, most systematists have maintained it as a genus (Allen 1940; Gromov and Polyakov 1977; Musser and Carleton 1993; Youzhi et al. 1966) . P. bedfordi occurs in Minchow of Gansu Province, Heishui County, and Jiuzhaigou National Nature Reserve of Sichuan Province.
The goal of our study was to examine and classify the newly acquired mammal material and relate these findings to the biogeography and systematics of arvicolines living in the region.
MATERIALS AND METHODS
The study area lies in southwestern Sichuan Province (Fig.  1) , in a subtropical zone with abundant rainfall and warm temperatures. The lowest elevation in this area is about 500 m above sea level, and the highest peaks reach about 3,500 m. This area of high biodiversity supports many rare mammals, including the golden snub-nosed monkey (Rhinopithecus roxellana), giant panda (Ailuropoda melanoleuca), lesser panda (Ailurus fulgens), leopard (Panthera pardus), and takin (Budorcas taxicolor-Youzhi and Jinchu 1999).
External, cranial, and dental measurements were recorded for specimens of 5 species of arvicoline rodents including Microtus limnophilus, Volemys musseri, Neodon irene, P bedfordi, and the new species (Appendix I). External measurements, recorded to the nearest 0.5 mm, were taken in the field on freshly captured specimens. Cranial measurements were taken with a vernier caliper to the nearest 0.02 mm. Measurements and abbreviations follow DeBlase and Martin (1974) and Diaz et al. (2002) , with slight modifications. External measurements included: tail length (TL); ear length (EL); head and body length from snout to the anus (HBL); hind-foot length excluding claws (HFL); and mass in grams of the fresh specimen. Skull measurements included: greatest length (SGL); skull basal length (SBL); condylobasal length (CBL); zygomatic breadth (ZB); mastoidal breadth (MB); least interorbital width (IOW); skull height (SH); length of the maxillary toothrow (LMxT); width across the molars (M-M); length of the mandibular toothrow (LMbT); and length of the mandible (LM). We also measured breadth across the 2 upper incisors (TUIB) and length of the lower incisor from the tip to the posteriormost point (LIL).
Preparation of the glans penis followed methods of Hooper (1958) and Lidicker (1960) . Specimens were measured and drawn to scale with the aid of a camera lucida. Bacular structures were assessed from cleared specimens. Measurements and abbreviations for the glans and baculum follow Hooper (1958) , Anfeng and Lixiang (1988), and Anfeng et al. (1992) , and included: length of the glans (LG); diameter of the glans (DG); total length of the baculum (TLB); total length of the bony baculum (TLBB); length of the proximal baculum (PBL); width of the base of the proximal baculum (WPBB); width of the proximal baculum at the middle point (WPB); height of the base of the proximal baculum (HPBB); length of the distal baculum (DBL); width of the distal baculum (WDB); and length of the lateral baculum (LBL).
Statistical analyses were performed using SPSS version 10.0 for Windows (SPSS Inc. 1999) . Descriptive statistics (mean, standard deviation, and observed range) were computed for each species. Principal component analysis was used to obtain a general view of variation, both within and among species. Projection of individuals over the most informative factors was analyzed to detect differentiation of morphology between P. liangshanensis and P. bedfordi. Fieldwork was conducted in accordance with animal care and use guidelines approved by the American Society of Mammalogists (Animal Care and Use Committee 1998).
RESULTS
The 5 species of arvicolines examined exhibited substantial differences in external, cranial, and dental dimensions (Tables  1 and 2 ; Fig. 2 ). The new species from Dafengding was clearly the largest in most dimensions, and was most similar in size to P. bedfordi (Fig. 3) . Furthermore, the new species shared the following characteristics with P. bedfordi: body size large; upper incisors broad; lower incisors relatively short (Table 2) ; 2nd upper molar with 4 closed triangles, the 1st triangle largest, the 4th smallest, resulting in 2 inner and 3 outer angles with no posterior inner angle; 3rd upper molar simple, consisting of 5 closed triangles (new species) or only 4 loops (P. bedfordi), the 2nd of which is smallest; 3rd lower molar with 4 closed triangles (new species) or 3 closed loops (P. bedfordi), and the anterior triangle has no outer angle (Fig. 4) ; and similar structure of the proximal baculum (Table 3 ; Fig. 5) .
A principal component analysis was used to evaluate variation in dimensions of skulls and molars between P. liangshanensis and P. bedfordi and the other 3 species. The first 2 components explained more than 90% of the total variance (Table 4) . Most variables had positive loadings of high magnitude on the 1st component (accounting for 81.9% of the variance), indicating that most of the variation involved size. The 2nd component separated individuals mainly on the basis of the length of the mandible (LM), the width of the upper incisors (TUIB), and the lengths of the maxillary and mandibular toothrows (LMxT and LMbT; Table 4 ). In a bivariate plot of specimen scores on components 1 and 2, the new species of Proedromys and P. bedfordi clustered together and were distinct from the other 3 taxa. The 2 species of Proedromys were partially separated from each other along the 1st component, reflecting the larger size of the new species (Fig. 2) . On the basis of these results, we recognize a new species in the genus Proedromys that we name and describe as follows.
Proedromys liangshanensis, new species
Holotype.-Adult male, Sichuan Academy of Forestry (Mabian-003), collected from Mabian Dafengding National Nature Reserve, Mabian County, by Shaoying Liu on 15 April 2000. The specimen is prepared as a skin with cleaned skull.
Type locality.-Mabian Dafengding National Nature Reserve, eastern side of Dafengding Mountain, Mabian County, southwestern Sichuan Province, 221.5 km west and 80 km south of Chengdu City (straight-line distance), 288429260N, 1038199310E, elevation 2,560 m.
Paratypes.-Seventeen specimens, skins with skulls, and specimens of males with glans penises. One specimen (Dafengding-002, female) was collected from Dafengding, 288419280N, 1038169350E, 3,050 m above sea level, close to the highest peak of Dafengding Mountain, western side of Dafengding Mountain, Meigu Dafengding National Reserve, Meigu County, Sichuan Province. The other 16 specimens were collected from Lannong region of Meigu Dafengding National Reserve, Meigu County, 288369560-288379360N, 1028549410-1028559430E, 2,840-3,100 m (Lannong-I-001, female; Lannong-01-01, male; Lannong-05-03, female; Lannong-09-01, male; Lannong-13-05, male; Lannong-13-06, male; Lannong-13-07, female; MGLN-1-05, male; MGLN-2-11, male; MGLN-2-12, male; MGLN-4-09, female; MGLN-5-01; male; MGLN-5-02, male; MGLN-5-30, female; MGLN-6-10, male; MGLN-8-01, female).
Geographic distribution.-As currently documented, the species is restricted to localities in Mabian Dafengding National Nature Reserve and Meigu Dafengding National Nature Reserve (Fig. 1) . The geographic distribution of the species coincides with giant panda habitat. At the type locality, the forest is dominated by fir (Abies) and spruce (Picea), with an understory of bamboos. One paratype (Dafengding-002) was collected 5.1 km from the type locality in the same habitat as the type. Other paratypes were collected 41 km from the type locality in humid spruce forest with abundant bamboo and moss.
Etymology.-The species name is derived from the Liangshan Mountains, a part of the Hengduan Mountains. The collection sites are in the central region of the Liangshan Mountains, which is the traditional territory of the Yi nationality.
Diagnosis.-An arvicoline rodent placed in the genus Proedromys and distinguished from other arvicolines by the combination of characters enumerated above. The following characteristics distinguish the new species from P. bedfordi, with the contrasting characteristics of the latter in parentheses: outer face of upper incisors not grooved (incisors with a distinct (Tables 1 and 2) .
Description.-The general pelage color of the holotype is yellow-brown. There are 4 categories of hair: guard, pile, intermediate, and fur. The guard hairs are long and firm, a yellow-brown color distally and black-gray at the base. Guard hairs are thick and lustrous in the middle of the back. Pile hairs are shorter and yellow-brown in color at the tip and black-gray at the base. Intermediate and fur hairs are fine and relatively shorter; they are black-gray and dense over the body. The venter is more lightly colored than the dorsum, black-gray at the base and light yellow at the tip with no guard or pile hairs; the color from the throat to belly and anus is uniform. The transition between the darker dorsal and lighter ventral pelage is not abrupt. The pelages of the paratypes differ from that of the holotype, being darker dorsally and paler ventrally.
The ears project slightly above the pelage. The rim on the front of the ears is covered with dense fur that is gray at the base and yellow at the tip; and the back of the ears has longer and thinner fur that is black-gray at the base and yellow at the tip. The top of the tail is black-brown and the underside is light gray-white. The hairs of the tip of the tail are slightly longer. Hairs on the forelimbs are black-gray, and those on the dorsal surface of the forefoot are gray-white. The pelage on the hind limbs is dark gray, and the hairs are very short. Hair on the dorsal surface of the hind foot is almost all white except for the medial metatarsal region, which is yellow-white. The claws are pale with associated hairs that are white and long. Mystacial and submental vibrissae are mostly white but some are gray-brown. There are 5 palmar pads and 6 plantar pads. Females have 8 mammae consisting of 2 pectoral pairs and 2 inguinal pairs.
The skull is sturdy (Fig. 3: A1 ). The nasals are broad anteriorly and narrow posteriorly. The posterior margin of the nasals forms a circular arc, and protrudes in front of the maxilla. The posterior of the frontal bone is very narrow. The interparietal bone is broad. There are 2 ridges behind the temporal bone and above the auditory bulla. The zygomatic arches are sturdy. Auditory bullae are medium-sized. The posterior palate is typical for the Microtini, continuing as a narrow bridge, sloping dorsally to join the anterior edge of the mesopteryoid fossa, and separating the 2 lateral pits. The mandibles are sturdy.
The upper incisors are very broad (TUIB ¼ 2.75 mm) and ungrooved. Molars are rootless. The 1st upper molar (Fig. 4A) has 5 closed triangles, 2 inner and 3 outer triangles, so that this molar has 3 outer and 3 inner angles. The 2nd upper molar has 4 closed triangles; the 1st triangle is the largest, the 4th the smallest, forming 2 inner and 3 outer angles. The 3rd upper molar has 5 closed triangles; the posterior (5th) triangle has an acute inner angle directed anteriad and a labial connection with the 4th triangle forming an obtuse angle resulting in 3 inner and 4 outer angles, but with the 3rd and 4th outer angles very obtuse.
The lower incisors are relatively short (LIL/LM ¼ 0.75), just reaching the condylar process. The 1st lower molar (Fig. 4B ) has 4 closed triangles in front of the posterior transverse space, the 5th and 6th spaces narrowly confluent. The anterior inverse (6th) triangle bends inwardly, forming an angle, so that this molar has 5 inner and 4 outer angles. The 2nd lower molar has 4 closed triangles in front of the posterior transverse space, the 1st and the 3rd are large, whereas the 2nd and the 4th are small, the 2nd and the 3rd forming an equilateral triangle. This molar has 3 outer and 3 inner angles. The 3rd lower molar has 3 closed triangles in front of the posterior transverse space, the 2nd triangle is the smallest and the anterior triangle no outer angle. This molar has 3 inner and 2 outer angles. The glans penis of P. liangshanensis (Fig. 5A ) is broad relative to its length (Table 3 ). The exterior of the glans is poleshaped and has a ventral groove. The urethral lappet forks into 3 branches, and the middle fork divides into 2 branches. The ventral root of every branch of the urethral lappet has a minibranch. There are 7 or 8 outer crater papilla on every side. The dorsal papilla forks in 2, and the dorsal fork is slightly larger than the ventral. The dorsal papilla is as high as the outer dorsal crater. The proximal baculum is bony and broad and flask-shaped. The distinct distal baculum also is bony and capshaped, but the lateral bacular processes are only slightly ossified.
Comparisons.-In the length of the head and body the new species is similar to P. bedfordi. However, the tail of the new species is much longer, about 60% of the head and body length, whereas in P. bedfordi the tail is only 35% of head and body length. Compared to P. bedfordi, the new species has a much larger skull with a flattened upper profile. The upper incisor of P. liangshanensis is broader than that of P. bedfordi, and the anterior surface is smooth rather than grooved. In P. bedfordi, the 3rd upper molar has 2 loops that are bean-shaped, whereas in the new species this posterior loop forms an acute triangle. The crown of the lower 3rd molar of P. bedfordi consists of 3 transverse prisms, whereas that of P. liangshanensis includes 3 closed triangles and a posterior transverse space; in both species the most anterior element lacks an outer angle (Fig. 4) . The morphology of the glans penis of P. liangshanensis is similar to that of P. bedfordi (Fig. 5) , especially in the proximal baculum, which is flask-shaped in both species. The distal baculum of P. bedfordi also is somewhat like that of the new species, the proximal part of it bulging. However, the urethral lappet, dorsal papilla, and lateral baculum of P. bedfordi differ from those of the new species, and measurements of the glans penis of P. bedfordi are significantly smaller (Table 3 ).
The morphology of the glans penis of P. liangshanensis differs from those of V. musseri, M. limnophilus, and N. irene, especially with respect to the proximal and distal bacula and the urethral lappets (Fig. 5) . The distal baculum of the new species is cap-shaped, whereas those of V. musseri, M. limnophilus, and N. irene are stick-shaped. The base of the proximal baculum is flask-shaped in P. liangshanensis, whereas that of V. musseri is circular, and those of M. limnophilus and N. irene Volemys musseri, and E) Neodon irene. Glans penis showing: 1) Ventral view, 2) midventral cut, 3) dorsal papilla, and 4) urethral lappet. For P. liangshanensis, numbered structural features are: a, distal baculum; b, lateral baculum; c, outer crater; d, inner crater; e, ventral groove; f, glans; g, prepuce; h, penis body; i, station of dorsal papilla; j, outer crater papilla; k, lateral baculum (cartilage); l, urethral lappet; m, lateral baculum (bony part); n, distal baculum (bony part); o, proximal baculum.
are rhomboid. The lateral baculum of P. liangshanensis is stick-shaped and very thin, but those of V. musseri and N. irene are sturdier, and that of M. limnophilus is slightly ossified and very short. The urethral lappets of V. musseri and M. limnophilus have 3 forks; the middle fork is straight and shorter and not split as in P. liangshanensis. In contrast, the urethral lappet of N. irene has only 2 forks (Table 3) .
DISCUSSION
The taxonomy of the genus Microtus and its immediate relatives is controversial. Some authors define the genus Microtus broadly to contain several subgenera, including Lasiopodomys, Neodon, Stenocranius, and Proedromys (Ellerman and Morrison-Scott 1951; Zexun et al. 2000) , whereas others treat most of these as valid genera Carleton 1993, 2005) . Proedromys was recently treated as a genus by Carleton (1993, 2005) . Allen (1940) and Honacki et al. (1982) also recognized Proedromys as a genus. Additionally, 4 species of Microtus in southern China (clarkei, kikuchii, millicens, and musseri) were included in a new genus Volemys by Zagorodnyuk (1990) . Musser and Carleton (1993) and Nowak (1999) agreed with Zagorodnyuk's opinion, but Musser and Carleton (2005) kept only 2 species (millicens and musseri) in Volemys and returned clarkei and kikuchii to Microtus. M. limnophilus, which is distributed from central China (including Sichuan) to southwestern Mongolia, was recorded as M. oeconomus by almost all Chinese taxonomists. However, Courant et al. (1999) and Musser and Carleton (2005) do not consider M. oeconomus to occur in central China, and based on karyotypes, only M. limnophilus occurs in this region (Courant et al. 1999 ).
The Microtini tribe (Lasiopodomys, Microtus, Neodon, Proedromys, Stenocranius, and Volemys) is a Holarctic group. Eurasian members of this group are mainly distributed in the Palearctic realm, with only a few species extending slightly into the Oriental realm. Microtini that occur exclusively in the Oriental realm are M. clarkei, M. kikuchii, V. millicens, V. musseri, and the new species, P. liangshanensis. M. kikuchii is endemic to the island of Taiwan. Two other species of Microtini are distributed across both the Oriental and Palearctic realms: Microtus fortis and P. bedfordi. The tribe is not represented further south in Asia. The 5 species of Microtini (M. clarkei, M. kikuchii, V. millicens, V. musseri, and P. Getz (1985) recognized 4 important habitat factors influencing the distribution of arvicolines: vegetation type, rocky habitat type, moisture regimes, and agricultural modification. He stated that species associated with forested habitat are restricted for the most part to herbaceous cover in forest clearings. Grassland and sedge meadows constitute the predominant habitat for Microtus. A few species inhabit grassy areas with an overstory of small trees and shrubs. M. longicaudus, M. montanus, M. pennsylvanicus, and M. pinetorum occur in habitats of shrubs, sparse deciduous forest, forest clearings, and mature deciduous forest. In China, almost all species of arvicolines occur in grassland, herbaceous clearings in forest, and alpine shrub habitats. Only the new species, P. liangshanensis, and some Eothenomys occur in fir and spruce forest, which is a unique habitat association for arvicolines.
Proedromys liangshanensis is known only from 2 restricted areas in Meigu and Mabian counties. These areas coincide with habitat of the giant panda, and both are protected as national nature reserves. One of the areas, Meigu Dafengding National Nature Reserve, is currently developing ecotourism. We suggest that any activities associated with ecotourism be conducted in a manner consistent with the protection of wildlife habitat. 
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